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Global Demand for Medicines

Population growth
Health needs
Economic development

Market expansion



A"t' b'Ot'CS are a type of antimicrobial substances

active against bacteria.

Antibiotic medications are widely used 1n the treatment and
prevention of bacterial infections.

Class Typical Antibiotic

enicillin, cephalosporin, carbapenem,
Beta-lactams . e £ p. . p
amoxicillin, cephalexin, methicillin, ...

LT\ G O streptomycin, kanamycin, ...

. erythromycin, roxithromycin,
Macrolides ) .
clarithromycin, ...

j AN ST Ol chloramphenicol, thiamphenicol, ...

e 978 11 I tetracycline, terramycin, ..

. . lincomycin, clindamycin,
Lincosamides o .
pirlimycin, ...

N BTG Il sulfadiazine, sulfamethoxazole, ...

ciprofloxacin, pipemidic acid,

Quinolones

moxifloxacin, levofloxacin, ...




Global antibiotic consumption by country: 2000-2015

- I:| Klein et al.,

PNAS, 2018.



Pathways of Antibiotics
from human society to natural environment

The emission density of 36

antibiotics in river basins of China:

O

Pearl River Delta

Oberoi et al. Environmental Science & Technology, 2019. Zhang et al., Environmental Science & Technology, 2015.



A Survey in a
coastal city in
Pearl River Delta:

Antibiotics Distribution



Potential Risks
of the antibiotics entering into environment

» Inhibit the growth and activities of microorganisms in the environment;

» Excert toxic effect on animals and plants, and disturb their ecological
functions, thus may influence on the stabilization of ecosystem;

» Induce the evolution of antibiotic resistant bacteria (ARB), which usually
carry antibiotic resistance genes (ARGs). And ARGs can propagate and
spread in many environments, plants, animals as well as human beings.

Environmental risk assessment: RQ = ME C/ PNEC

RQ: risk quotient;
MEC: measured environmental concentration;

PNEC: predicted no-effect concentration, PNEC = ECSO(LCSO)/ arF or PNEC = chv/ AF

EC5,: half maximal effective concentration;

LC5y: median lethal concentration;

chv: chronic toxicity;

AF: assessment factor, 1000 and100 for acute and chronic toxicity, respectively, in freshwaters.



A Survey in a
coastal city in
Pearl River Delta:

Risk Assessment

AETM, CTM, SMZ, SMX, and TMP greatly contributed to the ecological risk

to different trophic levels of organisms in river and coastal waters.



Antibiotic Resistance i i avility o

a bacterium to resist the effects of antibiotics.

Antibiotic Resistance Genes are the DNA sequences
which confer antibiotic resistance to one or several antibiotics.

B Mechanism of Antibiotic Resistance:

1. Efflux pump

2. Decreased
permeability

3. Target modification

4. Alteration of
metabolic pathway

5. Enzymatic
1nactivation



Occurrence of Antibiotic Resistance Genes

Evolution of ARGs

ARG burden based on urban
populations of administrative
districts in China:

Mobile ARGs
» Inenvironmental bacteria

Pearl River Delta

Bengtsson-Palme et al., FEMS Microbiology Reviews, 2018. Su et al., Microbiome, 2017.



WWTRP: land-based point source

p The role of wastewater treatment plant in
the dissemination route of ARGs:

activated sludge WD ARGs spreading

L

Tripathi V. and Tripathi P. Antibiotic Resistance Genes: An
Emerging Environmental Pollutant. from: Kesari K. (eds)
Perspectives in Environmental Toxicology. Environmental
Science and Engineering. 2017.



A Survey in a
coastal city in
Pearl River Delta:

ARGs Distribution

Concentrations of total ARGs: drinking water sources << urban rivers = nearby coastal area,
indicating the different degrees of anthropogenic impacts and consequent health risks.



Potential Risks of ARGs

» Some human symbiotic
microorganisms and
pathogens could access to
antibiotic resistance via the
wide propagation and spread
of ARGs in environments.

» A growing and worldwide
healthcare crisis;

» Arapid rising cost in new
drugs’ R & D.

The last-resort antibiotics, e.g.,
glycylcyclines, oxazolidinones,
carbapenems, polymyxins, are

severely restricted in hospitals.

http://amr.ncgm.go.jp/general/1-3-1.html



A War between Microbes and Human Beings

Deaths attributable to
antimicrobial resistance

every year compared to

other major causes of
death:

Less AMR

More AMR,
MDR

Jim O’Neill. Antimicrobial Resistance: Tackling a
crisis for the health and wealth of nations, from ) ] ]
The Review on Antimicrobial Resistance. 2014. Su et al., Microbiology China, 2018.



Dissemination of ARGs in Environment

Co-occurrence network between  Horizontal gene transfer is crucial for
ARGs and microbial community  ARGs spread in microbial community

Li et al., The ISME Journal, 2015. Andersson and Hughes, Nature Reviews Microbiology, 2010.



Environmental Factors on ARGs Dissemination

pH
Temperature
Nutrients

Organic
pollutants
Heavy metals
Biocides

Virulence factors
Antibiotics?
Mobile genetic
elements

0.5

temperaturc

_ . water content
TP

RDA2 (16.44%)
0.0

pH .qm’S

-0.5

-1.0 -0.5 0.0 0.5 . .
RDAI (20.13%) Guo et al., Environmental Pollution, 2018.
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Our Research Progress

B Comprehensive investigation of the study area

v" Population, geographic and hydrographic information, ...
v" Coastal environmental quality status
v" Local industrial activities

v" Land-based pollutants discharging into sea

B Contamination of antibiotics

v" Spatial distribution of antibiotics
v" The potential risks
v Priority individual antibiotics

B Occurrence of ARGs
v' Spatial distribution of ARGs

v" ARGs in the microbial community network
v" The potential risks



Study Area: Hangzhou bay, East China Sea

B Coastal area of East China:

13% territory area
> 40% population
> 60% GDP

B Water quality of China Seas:

v" In the four China Seas, East
China Sea is listed as the worst
sea, especially Yangtze River
Estuary and Hangzhou Bay;

v" Primary pollutants are inorganic
nitrogen and orthophosphate;

v" Organics and emerging
pollutants attract more and more

Hangzhou Bay

O

East China Sea

attentions.

In the 215 century, 41% of the

Water quality of China Seas in 2017 (Ministry of Ecology and ocean subject to medium to very
Envrionment of China, 2018) high impact (Halpern, et al., 2008).



Study Area and Sampling Sites

East China Sea:

v' HB: Hangzhou Bay (FiMi%)
v XB: Xiangshan Bay (% 1L7%)
v TB: Taizhou Bay (& JI17%)



Study Area and Sampling Sites



Materials and Methods

Study 2: ARGs
Prediction

Study 1: ARGs
data
Sampling Chemical Analysis Statistics
DNA extraction PCR Gel eclectrophoresis Plasmid qPCR |
i g - :
. 16S rRNA sequencing bioinformatics Gene functions



Antibiotics Analysis: pre-treatment methods

Water samples

Sediment samples

I
I
: I
i | i pH3-4
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‘ i [ AddISand
Add 15, | Na2EDTA
submerged in methanol |

Enrichment by HLB
! y

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

i

|

i Ultrasonic extraction by 20ml Acetonitrile/
| EDTA- Mcllvaine Buffer (v/v=1:1)
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Eluted by 10 ml methanol

I Repeat
i twice

Centrifugal and collect supernatant <«

re-dissolved in 1 mL methanol

v

Filtration (0.22Mm), stored in 2 mL amber
vial at =20 °C until UPLC-MS/MS analysis

lCombine the supernatant

Evaporation, re-dissolved in 1L of
ultrapure water, filtration( 0.7 & m GF/F)
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77 Target ARGs:

1) 23 sulfonamides (SAs)
2) 9 macrolides (MLs)

Antibiotics Analysis

3) 22 quinolones (QNs) Method 1: SAs, QNs, MLs, LMs
4) 9 tetracyclines (TCs) Time  Flow (mL/min) %A %B
5) 12 B-lactams (B-Ls) 0 0.3 90 10
6) 2 lincomycins (LMs) 1 0.3 30 20
10 0.3 10 90
14 0.3 10 90
14.5 0.3 90 10
18 0.3 90 10

Method 2: p-Ls, TCs

___________________________________________ | Time flow(mL/min) %A %B

i Liquid phase system: ACQUITY UPLC H-Class | 0 0.3 85 15

i Mass spectrometry system: Xevo TQ-S Micro i 6 0.3 60 40

i Mobile phase: A: 0.1% formic acid; B: methanol i 7 0.3 45 55
|

\ Column: Waters BEHC 4, 2.1 X 100mm, 1.7um | 15 0.3 20 80
|

i ESL+ | 20 0.3 10 90

| Capillary: 1.0 KV } 20.5 0.3 85 15

| Desolvation Temp: 500°C i 25 0.3 85 15

|

| I

Desolvation gas : 1000L/hr

___________________________________________






ARGs Quantification by qPCR

B Polymerase chain reaction (PCR) of target genes

v" 27 ARG subtypes encoding 8 drug class resistance
v" 16S rRNA, indicator of microbial biomass
v"intll, Class 1 integron integrase gene, mediating

ARGs horizontal transfer

B Quantitative PCR (qPCR)

11 ARG subtypes
were widely detected
by PCR in study area
and they were selected

as our target genes for
qPCR

»

tetA
tetC
tetO
tetw
sull
sulll
dfrAl
dfrA13
blapse.,
floR
ermB

CFX96 Touch™ Real-Time PCR
Detection System (BioRad, USA)

Antibiotic efflux
Tetracycline antibiotic
Antibiotic target protection

Sulfonamide antibiotic
Antibiotic target replacement

Diaminopyrimidine antibiotic

Beta-lactam antibiotic Antibiotic inactivation
Phenicol antibiotic Antibiotic efflux
Macrolide antibiotic Antibiotic target alteration
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Antibiotic Detection in 3 Bays, 2018

18 25

:___-____-_:“\ (41.9%) 58.1%
i | \¢ e — . Water Sediment
R N L 254
‘W?t'e Sediment
Water Sediment

The dominant classes of antibiotics are SAs and QNs in
terms of detection number in both water and sediment.

I .



Distribution of Antibiotics in Seawater
@)

O

v" Clindamycin (Ave.Conc. 183.8 ng/L;
53.2%) and lincomycin (Ave.Conc.
31.8 ng/L; 9.2%) were the top two
antibiotics in seawater.

v" TB was focused for the most
serious antibiotic contamination.



Spearman Correlation
between antibiotics and seawater qualities

Aquatic antibiotics were
v" negatively correlated with natural attribute indicators (pH and salinity);

v positively correlated with some anthropogenic pollutants (oil, PO,*, COD and NOjy").



Distribution of Antibiotics in Sediment

Q
QS

v" Erythromycin (Ave.Conc. 3.4 ng/g;
18.1%) and Clindamycin (Ave.Conc.
2.5 ng/g; 13.5%) contributed the
most to the total antibiotics.

v" TB6 and TCO0 were the most
seriously antibiotic-contaminated
sites.



Spearman Correlation
between antibiotics and sediment properties
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v" Positive correlation between sediment antibiotics and pollutants (TOC, TN, heavy

metals and oil).



Ecological Risks of Antibiotics

Heatmap of RQ values of antibiotics for aquatic organisms:

B Insienificant risk Low risk Medium risk B High risk
Acute toxicity Chronic toxicity
SAs QNs MLs LMs TCs SAs QNs MLs LMs TCs

Daphnid Fish

Green Algae

v SMP, CNX: low acute risks
v’ SDZ, SMX, SCP, SMP, SDO: low chronic risks



Priority Antibiotics in East China Sea

Abbreviation Names Use
Sulfonamides: SMX **  Sulfamethoxazole Human
SPD Sulfapyridine Veterinary

SCP **  Sulfachloropyridazine Veterinary

SMP **  Sulfamethoxypyridazine = Human/Veterinary

TMP Trimethoprim Veterinary

Macrolides: ATM Azithromycin Human
ETM Erythromycin-H,O Veterinary

v" Priority Antibiotics in the 3 bays of the East China Sea: in 2017, all
the 8 drugs; in 2018, three drugs with **.

v It is noteworthy that the joint toxicity was enhanced when multiple
antibiotics were present simultaneously;

v" Fortunately, both the concentrations and ecological risks of the
antibiotics decreased as the offshore distance increased.
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Absolute Abundances of ARGs in Sediment

-

v TB: the worst bay

v dfr, sul and tet
genes were the

most dominant
ARG subtypes.

The absolute abundances (TAA) of the detected 11 ARGs in the three bays



Absolute abundance

Absolute abundance

(copies/g)

(copies/g)
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Resistance Mechanisms in Sediment

HBS

HB7
HB6

TB1
TC3

Hangzhou Bay

HB10

HBS

Taizhou Bay

TB2

2.0E+07

1.5E+07

HB2
5.0E+06

0.0E+00

HB3

1.0E+07

1.5E+07

2.0E+07

TCO

1.0E+07

5.0E+06

Xiangshan Bay

XB5

XB4 XB1

I Antibiotic target alteration
| Antibiotic inactivation

I Antibiotic target protection
I Antibiotic efflux

[ | Antibiotic target replacement

The most important resistance mechanisms:
v’ Target replacement

v’ Target protection



Spatial Distribution of ARGs in Sediment

v TB: the worst bay

v sull, dfrA13, and tetW
were the most
dominant ARGs.

Spatial distribution of dominant ARGs in TB



Relationships between
Environmental Factors and ARGs

co-resistance
cross-resistance

>

Variation portioning analysis differentiating
Redundancy analysis between environmental the contributions of heavy metals and
factors and absolute abundance of ARGs nutrient substances on the ARGs variation.
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Antibiotics and their Ecological Risks

1. Antibiotics were proved to be ubiquitous in the coastal
marine environment and posed potential threats to
aquatic organisms.

2. More than 80% of the detectable concentrations of
individual antibiotic were lower than 5.0 ng/L in water
and 1.0 ng/g in sediment; nevertheless, the joint toxicity
was enhanced when multiple antibiotics were present
simultaneously.

3. For the purpose of antibiotics monitoring, a new method
was proposed for identifying the priority antibiotics, it
might be applied to monitor antibiotics as well as other
emerging pollutants in water environment.



ARGs and their Health Risks

1.

ARGs (especially Sulfonamide and Tetracycline ARGs)
were proved to be ubiquitous in the coastal marine
environment and posed potential risks to human health.

. The spatial distribution and profiles of both antibiotics

and ARGs indicated the influence of human activities.

Mobile genetic elements (especially integrase genes)
promoted the ARGs spread.

. An effective way of ARGs risk control in coastal areas

could be reducing the discharge amount of conventional
pollutants from land to the sea.



Thanks for your attention

RAJBBEHER L HEAERT
Water Environmental Biotechnology (WEB) Laboratory
http://scholar.pku.edu.cn/dhwen



